Corn is the most important animal feed crop in the world. More than 60% of the P in corn is present in the form of phytate, which is poorly available to pigs and other nonruminant animals (Reddy et al., 1982) . Microbial phytase produced by fermentation as a feed additive has been widely used to manage the nutritional and environmental problems caused by phytate, but this approach is associated with production costs for the enzyme and the requirement of special care in feed processing and diet formulation. An alternative approach would be to produce plant seeds that contain high phytase activities.
INTRODUCTION
ABSTRACT: Three experiments were conducted to evaluate energy, AA, and P digestibility in a phytase transgenic corn (PTC) containing a phytase gene (phyA2) isolated from Aspergillus niger compared with a nontransgenic near-isoline conventional corn (CC) grown in the same environmental conditions for growing pigs. Experiment 1 was an energy balance experiment conducted to measure DE and ME in PTC and CC. Eighteen growing barrows (initial BW 25.8 ± 0.3 kg) from 9 litters were allotted by BW and litter to 1 of 2 dietary treatments with 9 pigs per treatment in a randomized complete block design. Pigs were individually placed in metabolism cages and fed diets based on the 2 corns. The DE and ME in PTC (3, 967 and 3, 941 kcal/kg of DM, respectively) were greater (P < 0.05) than those in CC (3,917 and 3,848 kcal/kg of DM, respectively). Experiment 2 was conducted to measure apparent ileal digestibility (AID) and standardized ileal digestibility (SID) values of CP and AA in the 2 corns. Eighteen growing barrows (initial BW 41.8 ± 0.7 kg) were equipped with a T-cannula in the distal ileum. Pigs were placed in metabolism cages in a completely randomized design with 3 dietary treatments of 6 pigs each. An N-free diet was used to estimate basal endogenous losses of CP and AA. The AID and SID values for CP and all AA did not differ between the 2 corns. Experiment 3 was conducted to measure apparent total tract digestibility (ATTD) and standardized total tract digestibility (STTD) values of P in the 2 corns. Eighteen growing pigs (initial BW 30.5 ± 0.5 kg) from 6 litters were placed in metabolism cages in a randomized complete block design with 3 dietary treatments of 6 pigs each based on BW and litter. Two diets were based on the 2 corns, and a P-free diet was used to measure endogenous P losses. The ATTD and STTD values of P were greater (P < 0.05) in the PTC diet (71.4% and 76.9%, respectively) than those in the CC diet (27.6% and 33.4%, respectively). Pigs fed the PTC diet had a greater (P < 0.05) P retention (70.7%) than those fed the CC diet (27.1%). It was concluded that PTC had a greater digestibility of energy and P than CC for growing pigs. As a consequence, if PTC replaces CC in a pig diet, the DE and ME in the diet will increase, and less inorganic P will need to be supplemented to the diet, and thus P excretion in manure will be decreased.
Advances in recombinant DNA technology have enabled the production of transgenic plants expressing microbial-derived phytase in tobacco seeds (Pen et al., 1993) , soybeans (Li et al., 1997) , and canola (Zhang et al., 2000) . Animal-feeding studies demonstrated that these plant-produced phytases could substitute for the enzyme produced from microbial fermentation (Pen et al., 1993; Denbow et al., 1998; Zhang et al., 2000) . The phytase transgenic corn (PTC), a genetically altered corn expressing a phytase gene (phyA2) isolated from Aspergillus niger in the endosperm of corn, was developed and licensed by the Chinese Academy of Agricultural Sciences . The PTC was issued a biosafety certifi cate by the Ministry of Agriculture of China in 2009.
It is hoped that PTC could be a feed crop as well as an alternative exogenous phytase that would allow pigs to digest more P than normal corn. This would also enhance their growth and minimize P excretion. However, no data are available on the digestibilities of energy and nutrients in PTC compared with its nontransgenic near-isoline conventional corn (CC) for animals. Therefore, the objective of this study was to measure the digestibility values for energy, CP, AA, and P in PTC compared with CC to accurately evaluate its nutritive value for growing pigs.
MATERIALS AND METHODS
All experimental procedures were reviewed and approved by the Animal Care and Use Committee at the Chinese Academy of Agricultural Sciences.
Experimental Procedures
Three experiments were conducted. Pigs used in the experiments originated from the mating of Duroc boars to Landrace × Yorkshire sows (Shunqingyuan, Inc., Beijing, China). The dietary ingredients PTC and CC, grown, harvested, and stored under the same environmental conditions, were used in this study. To avoid any possibility of contamination, PTC and CC were strictly separated from each other. The same batch of PTC and CC was used in the 3 experiments. All grains were ground using a hammer mill with a 2-mm screen. Corn-based diets were formulated on the basis of the analyzed nutrient composition of corn (Table 1) and were provided for pigs as mash rather than heat-processed pellet. No antibiotics were added to the experimental diets.
Energy Digestibility (Exp. 1) Experiment 1 was designed to measure DE, ME, and N digestibility in PTC for growing pigs. Two cornbased diets (Table 2) were prepared to contain 96.70%
(as-fed basis) corn. Eighteen growing barrows (initial BW 25.8 ± 0.3 kg) from 9 litters (2 pigs from each litter) were allotted by BW and litter to 1 of 2 dietary 2 Except moisture, on DM basis (%).
3 Organisation for Economic Cooperation and Development (OECD, 2002) . 4 International Life Sciences Institute (ILSI, 2010).
5 One phytase unit (FTU) activity is defi ned as the quantity of enzyme that releases 1 μM of inorganic P per minute from 1.5 mM sodium phytate at pH 5.5 at 37°C. treatments with 9 pigs per treatment in a randomized complete block design. Pigs were housed in an environmentally controlled room, and temperature was maintained at 22°C ± 2°C. Lights were on from 0800 to 2200 h. Pigs were individually placed in metabolism cages equipped with a feeder and a nipple drinker. The cages had expanded-metal slatted fl oors, a screenbased fl oor for total collection of fecal matter, and a tray for total urine collection. The daily feed allowance was calculated as 2.5 times the maintenance energy requirement (i.e., 106 kcal ME/kg BW 0.75 ; NRC, 1998) and was divided into 2 equal meals that were offered at 0800 and 1700 h. Water was available ad libitum.
Pigs were fed their experimental diets for 14 d. The initial 7 d were an adaptation period to the diet. A marker (0.5% chromic oxide) was added to the morning meals on d 8 and 13. Fecal collection from each pig was initiated with the fi rst appearance of the marker in the feces after d 8 and ceased when the marker fi rst appeared in the feces after d 13 (Petersen and Stein, 2006) . Fecal samples were collected immediately after excretion and stored at -20°C until the end of the period. Urine collection was initiated at 1700 h on d 8 and ceased at 1700 h on d 13 to ensure that the urine collection was closely in parallel with the fecal collection. The urine buckets were emptied twice daily, and a preservative of 50 mL of 6 N HCl was added to each bucket when it was emptied. All collected urine samples were weighed, and a 20% subsample was collected and stored at -20°C. At the end of the experiment, all urine samples were thawed and mixed within animal, and a subsample was taken for chemical analysis. All fecal samples were mixed within animal, dried in a forced-air oven, and ground before the subsample was collected.
The energies that were excreted in the feces and urine were subtracted from the intake of GE to calculate the DE and ME for each diet (Adeola, 2001) . The DE and ME in the diet were then divided by 0.967 to calculate the DE and ME in corn. Nitrogen data were calculated as described by Adeola (2001) .
Amino Acid Digestibility (Exp. 2)
Experiment 2 was designed to measure apparent ileal digestibility (AID) and standardized ileal digestibility (SID) values of CP and AA in PTC for growing pigs. Eighteen growing barrows (initial BW 41.8 ± 0.7 kg) were equipped with a T-cannula in the distal ileum according to procedures adapted from Stein et al. (1998) . Pigs were placed in metabolism cages in a completely randomized design with 3 dietary treatments of 6 pigs each. Pigs were allowed a 2-wk recovery period after the surgery before the experiment was initiated. During the recovery period, a standard corn-soybean meal-based grower diet (18% CP) was provided. After surgery, individual pigs were placed in elevated pens that measured 1.4 × 2.5 × 1.2 m (width, length, and height) in an environmentally controlled building (21°C ± 2°C). A feeder and a nipple drinker were installed in each pen.
Three diets were prepared (Tables 3 and 4 ). The 2 corn-based diets contained 96.30% (as-fed basis) corn. The third diet was an N-free diet used to estimate basal endogenous losses of CP and AA . Chromic oxide (0.40%) was included in all diets as an indigestible marker.
Feed was supplied to the pigs at a daily level of 3 times the maintenance energy requirement (i.e., 106 kcal ME/kg BW 0.75 ; NRC, 1998). The daily allotment of feed was divided into 2 equal meals and fed at 0800 and 1700 h each day. Water was available ad libitum through a nipple drinker.
The experimental period lasted 9 d. The initial 7 d were an adaptation period to the diet, whereas the remaining 2 d were used for digesta collection in 9-h periods as described by Stein et al. (1999) . Briefl y, digesta were collected from 0800 to 1700 h by using plastic bags containing 15 mL of 5% formic acid attached to the opened cannula barrel. Bags were removed whenever they were fi lled with digesta or at least once every 30 min. They were then stored at -20°C to prevent bacterial degradation of AA in the digesta.
At the end of the experiment, ileal samples were thawed and mixed within animal and diet, and a subsample was taken for chemical analysis. All digesta samples were lyophilized and fi nely ground before chemical analysis. Values for AID, endogenous losses, and SID of CP and AA in the diets were calculated as described by Stein et al. (2007) . These values also represented their digestibility in the corns.
Phosphorus Digestibility (Exp. 3)
Experiment 3 was designed to measure apparent total tract digestibility (ATTD) and standardized total tract digestibility (STTD) values of P in PTC for growing pigs. Eighteen growing barrows (initial BW 30.5 ± 0.5 kg) from 6 litters (3 pigs from each litter) were allotted by BW and litter to 1 of 3 dietary treatments in a randomized complete block design. The metabolism cages were similar to those used in Exp. 1.
Three diets were prepared (Table 5 ). The 2 corn-based diets contained 81.61% corn (as-fed basis). A P-free diet was used to estimate basal endogenous losses of P (EPL) as described by Petersen and Stein (2006) . A bovine gelatin with a bloom of 142 (Rousselot China, Inc., Wenzhou, China) was added to the diets to increase the concentration of AA. Crystalline AA were used as needed to ensure that all diets met current AA requirement estimates (NRC, 1998) . Corn oil was added to the CC diet (3.45%) and PTC diet (1.10%) to ensure that all diets contained equal concentrations of ME. Reagent grade cellulose acetate (Sinopharm Chemical Reagent Co., Ltd, Shanghai, China) was included in the P-free diet (4.00%) to increase the concentration of crude fi ber. The ingredients in the Pfree diet contained no K and Mg; therefore, these minerals were supplied in the form of reagent grade potassium carbonate (Sinopharm Chemical Reagent Co., Ltd) and magnesium oxide (Sinopharm Chemical Reagent Co., Ltd), respectively.
Feed was supplied to the pigs at a daily level of 2.5 times the maintenance energy requirement (i.e., 106 kcal ME/kg BW 0.75 ; NRC, 1998). The daily allotment of feed was divided into 2 equal meals and fed at 0800 and 1700 h each day. Water was available ad libitum through a nipple drinker.
Diets were fed for 14 d, with the initial 7 d being an adaptation period, and fecal samples were collected during the next 5 d according to standard procedures using the marker to marker approach as explained for Exp. 1. Urine samples were collected from d 8 to 13 in urine buckets with a preservative of 50 mL of 6 N HCl. All samples were stored, dried, and processed as described for Exp. 1. The ATTD, retention, basal EPL, and STTD of P were calculated as outlined by Petersen and Stein (2006) . Because corn was the only P-contributing ingredient in the diets, the calculated ATTD, STTD, and retention of P for each diet also represented those values in each corn. 
Laboratory Analysis
All samples were analyzed in duplicate. The 2 corns were fi rst identifi ed by detecting the presence of a phyA2 transgenic event in PTC and its absence in CC by DNA gel blot analysis and Western blot analysis as described by Chen et al. (2008) . Phytase activities in the corns were also determined according to the method of Engelen et al. (2001) . One phytase activity unit (FTU) is defi ned as the quantity of enzyme that releases 1 μM of inorganic P/min from 1.5 mM sodium phytate at pH 5.5 at 37°C.
Corns, diets, digesta, and fecal samples were analyzed for moisture [method 930.15 ; Association of Offi cial Analytical Chemists (AOAC), 2005]. Corns, diets, digesta, and fecal and urine samples were analyzed for Kjeldahl N (method 984.13; AOAC, 2005) . Amino acids were analyzed in the 2 corns, diets, and digesta samples using an AA analyzer (model L-8500A; Hitachi, Tokyo, Japan) after being hydrolyzed with 6 N HCl for 24 h at 110°C (method 994.12; AOAC, 2005) . The contents of Met and Cys were determined as methionine sulfone and cysteic acid after cold performic acid oxidation before hydrolysis (method 994.12, alternative 3; AOAC, 2005). The content of Tyr was determined after hydrolysis with NaOH for 22 h at 110°C (method 988.15, alternative 1; AOAC, 2005). Gross energy in corn samples, diets, and fecal and urine samples were analyzed with an automatic adiabatic oxygen bomb calorimeter (Parr 1281, Parr Instruments, Moline, IL). Concentrations of total P were determined in corns, diets, and fecal samples using a spectrophotometer (method 3.4.11; AOAC, 2005) . Concentrations of Ca in corns and diets were determined by inductively coupled plasma emission spectroscopy (IRIS Intrepid II; Thermal Jarrell Ash, Waltham, MA; method 985.01; AOAC, 2005). The Cr concentrations in digesta and diets were determined according to the procedure of Fenton and Fenton (1979) .
Corns were also analyzed for crude fat (method 920.39; AOAC, 2005), crude fi ber (method 978.10; AOAC, 2005), ADF (method 973.18; AOAC, 2005) , NDF (Holst, 1973) , and ash (method 942.05; AOAC, 2005) . The N-free extract in each corn, which include starch, sugars, some cellulose, hemicellulose, and lignin, was calculated by subtracting the total of determinates from 100. The lipid in the corn samples was extracted and saponifi ed with 0.5 N sodium hydroxide in methanol. The saponifi ed mixture was methylated with 14% boron trifl uoride-methanol. The resulting methyl esters were extracted with heptane containing an internal standard. The methyl esters of the fatty acids were analyzed by gas chromatography (HP 6890 Series; Agilent, Palo Alto, CA) using external standards for quantitation [method Ce 1-62; American Oil Chemists' Society (AOCS), 1998]. The contents of phytate in corns were analyzed using a spectrophotometer as described by Wang et al. (1991) . The contents of nonphytate P (NPP) in corns were calculated by subtracting phytate from total P.
Statistical Analysis
Data in the 3 experiments were analyzed using SAS software (SAS Inst. Inc., Cary, NC). The homogeneity of the variance among treatments was verifi ed using the UNIVARIATE procedure. Outliers were determined as values that deviated from the treatment mean by more than 1.5 times the interquantile range (Devore and Peck, 1993) . No outliers were identifi ed and removed from the data set. Pig was the experimental unit for all analyses, and an α level of 0.05 was used to assess signifi cance between the 2 treatment means.
In Exp. 1 and 3, data were analyzed by ANOVA using the PROC MIXED procedure (Littell et al., 1996) . An ANOVA was conducted, with diet as the main effect and litter as the random effect. Moreover, in Exp. 3, treatment means were separated by using the LSMEANS statement and the PDIFF option. All means except data for P absorption, P retention, and P digestibility were compared among all 3 diets, but means for P absorption, P retention, and P digestibility were compared between the 2 corn diets. In Exp. 2, data were analyzed by ANOVA using the PROC GLM procedure.
RESULTS

Chemical Composition
The DNA gel blot and Western blot assays specifi c for phyA2 confi rmed the presence of the transgenic event in PTC and its absence in CC (data not shown). Analyzed nutrient contents of the 2 corns are presented in Table 1 . The levels of proximate components (moisture, crude fat, CP, crude fi ber, and crude ash), fi ber (NDF and ADF), calcium, AA, and fatty acids in PTC were comparable with those in CC with the exception of phytase activity and NPP. Phytase activities were 7134 FTU/kg of DM in PTC and 126 FTU/kg of DM in CC, respectively. The contents of NPP on a DM basis were 0.10% in PTC and 0.05% in CC.
Energy Digestibility
There was no difference in the GE intake between the pigs fed the 2 corn-based diets (Table 6 ). However, pigs fed the CC diet had a greater (P < 0.05) fecal excretion of GE (492 kcal per animal per day) than those fed the PTC diet (462 kcal per pig per day). There was no difference in excretion of energy in the urine between the pigs fed the 2 diets. Consequently, DE and ME were greater (P < 0.05) in PTC (3,967 and 3,904 kcal/kg of DM, respectively) compared with CC (3,917 and 3,848 kcal/kg of DM, respectively). The ATTD for GE was greater (P < 0.05) in PTC (87.7%) than in CC (86.8%).
Nitrogen intake, fecal excretion, and urinary excretion of N did not differ between the pigs fed the CC diet (12.3, 2.6, and 4.6 g/d, respectively) and the PTC diet (12.2, 2.7, and 4.4 g/d, respectively). Therefore, the ATTD and retention of N did not differ between CC (78.7% and 41.9%, respectively) and PTC (77.6% and 42.0%, respectively).
Amino Acid Digestibility
The AID and SID values of CP and AA in PTC and CC are presented in Table 7 . There was no difference in either AID or SID of CP in PTC (65.1% and 88.1%, respectively) and CC (65.0% and 86.9%, respectively). The mean AID and SID values of all AA were similar in PTC (70.9% and 88.5%, respectively) and CC (71.0% and 88.1%, respectively). No differences in mean AID and SID of indispensable AA were observed between PTC (76.0% and 87.6%, respectively) and CC (76.3% and 87.6%, respectively).
Phosphorus Digestibility
Feed intake did not differ between the pigs fed the CC (958 g/d) and PTC (964 g/d) diets, but intake of the pigs fed the P-free diet (815 g/d) was less (P < 0.05) than those of the pigs fed the 2 corn-based diets (Table  8) . Phosphorus intake was greater (P < 0.05) for pigs fed the PTC diet compared with pigs fed the CC diet (2.62 vs. 2.50 g/d). Fecal excretion of P was less (P < 0.05) from pigs fed the PTC diet compared with pigs fed the CC diet (0.75 vs. 1.81 g/d), but the pigs fed the P-free diet had the least (P < 0.05) excretion of P (0.11 g/d). Urinary excretion of P did not differ between the pigs fed the CC (0.013 g/d) and P-free (0.007 g/d) or PTC (0.018 g/d) diets, but the pigs fed the PTC diet had (NRC, 1998; Stein et al., 2004; Pedersen et al., 2007a,b; Widmer et al., 2007; Baker and Stein, 2009; Goebel and Stein, 2011) .
3 ATTD = apparent total tract digestibility.
greater losses (P < 0.05) compared with the pigs fed the P-free diet. Consequently, P absorption and retention in the pigs fed the PTC diet (1.87 and 1.85 g/d, respectively) were much greater (P < 0.05) than those in the pigs fed the CC diet (0.69 and 0.68 g/d, respectively). The basal EPL from the pigs fed the P-free diet was determined to be 150 ± 36 mg/kg DMI. The ATTD and STTD values of P were greater (P < 0.05) in the PTC diet (71.4% and 76.9%, respectively) than those in the CC diet (27.6% and 33.4%, respectively). The pigs fed the PTC diet had a greater (P < 0.05) P retention (70.7%) than the pigs fed the CC diet (27.1%).
DISCUSSION
Chemical Composition
Comparisons of the levels of key nutrients and antinutritional factors in genetically modifi ed crops with those of conventional varieties represent an important consideration in nutritional and safety assessments. Except for high phytase activity and NPP content in PTC, the values of the analyzed nutrient components in PTC and CC were similar and within the normal ranges reported for conventional corn [Organisation for Economic Cooperation and Development (OECD), 2002; International Life Sciences Institute (ILSI), 2010]. Similar results have been reported for other genetically modifi ed corns, including insect-resistant corn (Herman et al., 2004; Drury et al., 2008) and droughttolerant corn (Harrigan et al., 2009 ). The comparable compositions of these 2 corn grains used in the present study indicated that PTC was essentially equivalent to CC.
Although phytase expressed by PTC is not an insecticidal trait, the food safety tests as well as toxicological assessments have been cautiously evaluated before its release. According to the strategies for assessing protein allergenicity of biotechnology products proposed by the Food and Agricultural Organization and World Health Organization Table 7 . Apparent ileal digestibility (AID) and standardized ileal digestibility (SID) values of CP and AA in phytase transgenic corn (PTC) and nontransgenic near-isoline conventional corn (CC) 3 Data are least squares means of 6 observations per treatment. 4 The range denotes the lowest and highest individual values across all references for conventional corn (NRC, 1998; Moeser et al., 2002; Pedersen and Boisen, 2002; Guthrie et al., 2004; Stein et al., 2006b; Pedersen et al., 2007b; Almeida et al., 2011) . 5 The range denotes the least and greatest individual values across all references for conventional corn (NRC, 1998; AFZ et al., 2000; Stein et al., 2001; Pedersen and Boisen, 2002; Stein et al., 2006b; Muley et al., 2007; Pedersen et al., 2007b; Almeida et al., 2011). (2001), phytase in PTC is not similar in sequence to allergenic proteins, and no specifi c reaction was observed between phytase in PTC and antiallergen serum by sera screen (Xiong et al., 2011) . The digestive stability tests of phytase in PTC, which were conducted in the simulated gastric fl uid (SGF; containing pepsin at 2,000 U/mg; pH 1.2) and intestinal fl uid (SIF; 1 g pancreatin/100 mL PBS; pH 7.5) in vitro showed that phytase was stable within 60 min in SGF and within 15 min in SIF . In a 90-d feeding study, no toxicological differences were observed in the nutritional performance variables, clinical and neurobehavioral signs, ophthalmology, clinical pathology (hematology, clinical chemistry, coagulation, and urinalysis), organ weights, and gross and microscopic pathology between rats consuming diets formulated with PTC and CC (Xiong et al., 2011) . Recently, a series of studies on feed safety of PTC compared with CC for laying layer breeders, commercial laying hens, commercial broilers, and weaning pigs have been conducted by our research group. No differences were observed in performance, hematological variables, serum chemistry, immune functions, organ weights, or histological pathology of the above animals between PTC and CC treatments (X. G. Luo et al., unpublished data) . Neither phytase gene fragment nor its protein was detected in eggs, peripheral blood, organs, muscle, or feces of the above animals fed either the PTC or CC-based diet (X. G. Luo et al., unpublished data) . These results demonstrated that PTC was as safe as CC grain.
Energy Digestibility
The values of DE and ME in CC (3, 917 and 3, 848 kcal/kg of DM) concurred with the values of 3,879 kcal of DE and 3,825 kcal of ME per kilogram of DM in yellow dent corn reported by Stein et al. (2004) and also agreed with the values of 3,961 kcal of DE and 3,843 kcal of ME per kilogram of DM published by NRC (1998). It is noticed that the values of DE and ME in PTC measured in the present experiment (3,967 and 3,904 kcal/kg of DM, respectively) were in good agreement with previously published values for corn (Pedersen et al., 2007a,b; Widmer et al., 2007; Baker and Stein, 2009; Goebel and Stein, 2011) ; however, the values of DE and ME in PTC were greater than those in CC. Compared with CC, the slightly decreased concentration of ADF and greater concentrations of crude fat and GE in PTC might contribute to its greater DE and ME concentrations. Furthermore, like the microbial phytase, transgenic phytase expressed in PTC might increase the digestibilities of starch (Liao et al., 2002) , DM (Mroz et al., 1994; Sands et al., 2001; Nyannor et al., 2007) , and GE (Brady et al., 2003; Johnston et al., 2004) , thereby resulting in the greater values of DE and ME in PTC.
Amino Acid Digestibility
Endogenous losses of CP and AA of growing pigs in the present experiment were similar to previously reported values (Stein et al., 2006b; Widmer et al., 2007) . In general, the AID and SID values obtained in this experiment were near or within the wide range of published values for corn (NRC, 1998; AFZ et al., 2000; Stein et al., 2001 Stein et al., , 2006b Moeser et al., 2002; Pedersen and Boisen, 2002; Guthrie et al., 2004; Muley et al., 2007; Pedersen et al., 2007b; Almeida et al., 2011) . The lowest SID values of the indispensable AA were observed for Lys and Thr, which were consistent with the previous reports for these 2 AA in corn (Green et al., 1987; Stein et al., 2001 ; Pedersen et al., Table 8 . Apparent total tract digestibility (ATTD) and standardized total tract digestibility (STTD) values of P in phytase transgenic corn (PTC) and nontransgenic near-isoline conventional corn (CC), Exp. 2007b). Although there were confl icting and inconsistent reports with regard to the effi cacy of phytase in improving N or AA digestibility and retention in pigs (Mroz et al., 1994; Biehl and Baker, 1996; Traylor et al., 2001; Adeola and Sands, 2003; Woyengo et al., 2008) , the microbial phytase supplementation had no effect on N digestibility or retention when diets were formulated with adequate or defi cient protein (Sands, 2002; Sands et al., 2009) or with low or high levels of phytate (Sands, 2002; Liao et al., 2005; Sands et al., 2009) . In the present study, no differences were found in the values of AID and SID of CP and AA between PTC and CC, which confi rmed that transgenic phytase expressed in PTC did not result in an increase in the digestibility of CP or AA in PTC for growing pigs.
Phosphorus Digestibility
Since the time that Petersen and Stein (2006) proposed the concept of STTD of P by correcting ATTD of P with basal EPL measured using the P-free diet, several experiments have been conducted to estimate the basal EPL and the values of STTD of P in inorganic P sources (Petersen and Stein, 2006) , corn Stein, 2010, 2012) , soybean meal (Almeida and Stein, 2010) , fi eld peas (Stein et al., 2006a) , and corn coproducts, including distillers dried grains or distillers dried grains with solubles (Widmer et al., 2007; Stein, 2010, 2012) and corn germ Stein, 2010, 2012) for pigs. In the current study, the basal EPL was measured by feeding a Pfree diet, and a basal EPL value of 150 mg/kg of DMI was obtained. This value is within the range (139 to 211 mg/kg of DMI) that has been reported in pigs (Petersen and Stein, 2006; Stein et al., 2006a; Widmer et al., 2007; Stein, 2010, 2012) .
The ATTD value (27.6%) of P in CC observed in the current study was similar to the ATTD value (28.8%) of P in yellow dent corn measured by Bohlke et al. (2005) but greater than that (16.1%) reported by Spencer et al. (2000) and less than that (38.7%) reported by Sands et al. (2001) . The STTD value (33.4%) of P in CC was in the range of the 26.4% (Almeida and Stein, 2010) and 40.9% (Almeida and Stein, 2012) values reported for corn. The differences among different studies might be due to differences in corn hybrids or differences in the concentrations of P that was bound in the phytate complex.
The ATTD and STTD values of P in PTC determined in this study were more than 2 times greater than those of P in CC. Both the greater NPP and transgenic phytase activity in PTC contributed to the greater digestibility values of P in PTC. It has been found that expression of the fungal phyA2 gene in a maize embryo reduced seed phytate and increased NPP contents . Transgenic soybean overexpressing phytase also showed phytate reduction and NPP increase in seeds (Chiera et al., 2004) . A greater phytate reduction and NPP increase was also observed in transgenic Arabidopsis seeds when the E. coli phytase gene (appA) was expressed in vacuoles (Coello et al., 2001) . As expected, the content of NPP in PTC was 2 times that in CC in this study. Both low-phytate corn (Bohlke et al., 2005; Hill et al., 2009) and high available phosphorus corn (Sands et al., 2001) had greater P digestibility values.
The benefi cial effect of microbial phytase supplementation to low-P diets in pigs has been well documented (Cromwell et al., 1995; Stahl et al., 1999; Adeola et al., 2004) . Supplementation of diets with phytase resulted in increased ATTD and STTD of P, which was expected because hydrolysis of phytate by microbial phytase released P in the gastrointestinal tract of pigs and thus improved the digestibility of P (Selle and Ravindran, 2008) . The STTD of P in corn also increased with the supplementation of phytase Stein, 2010, 2012) . Improvements in BW gain, feed effi ciency, and plasma P were reported in weanling pigs fed diets supplemented with microbial phytase (Stahl et al., 2000) or diets formulated with the corn expressing an E. coli-derived gene (appA) mutated for greater thermostability (Nyannor et al., 2007) . In the present experiment, the PTC-based diet was not heat treated during manufacturing; therefore, the utilization of P in PTC was obviously increased, as expected.
It has been reported that PTC (containing phytase activity of 12,000 FTU/kg of DM) could maintain 86.6% of the original phytase activity when it was heated in an oven at a temperature of 120°C and 12.5% when the PTC-based diet (containing phytase activity of 7480 FTU/kg of DM) was pelleted at a temperature of 60°C (Wu, 2010) . Therefore, as an innovative way of delivering microbial phytase to monogastric animals for better utilization of phytate-bound P, PTC will remove the need for extra phytase to be added to animal diets, therefore lowering feed production costs.
In conclusion, the results from the current study demonstrated that PTC contained more DE and ME and had a greater P digestibility than CC. The digestibility values of CP and AA in PTC were similar to those in CC. Therefore, if PTC is used to replace CC in pig diets, the DE and ME in the diet are likely to increase, less inorganic P will need to be supplemented to the diet, and fi nally, P excretion in the manure of pigs will be decreased. Adeola, O. 2001 
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